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#ackground  Organochlorine  compounds, including Results The age and lipid-adjusted geometric mean adi-

organochlorine pesticides, have been suggested by pose-tissue levels of OCD were similar between the
some, but not all, studies to be associated with female cases (364 p.pb., 95% confidence interval (CI)
breast-cancer risk. So far, studies relating organochlor- 34.7-38.2 p.p.b.] and controls (38.0 p.pb., 95% CI
ine compounds and breast-cancer risk have mainly 35.7-40.6 p.p.b.). The age and lipid-adjusted geometric
focused on polychlorinated biphenyls (PCBs) and mean adipose-tissue levels of TNC between the cases
dichlorodiphenyltrichloroethane (DDT) as risk factors (85.5 ppb., 95% CI 52.6-58.5 p.p.b.) and controls
for female breast cancer. This paper examines the (58.1 p.p.b., 95% CI 54.2-62.3 p.p.b.) were also similar.
hypothesis that environmental exposure to trans- There was no association between breast-cancer risk
nonachlor (TNC) and oxychlordane (OCD), a major and mean adipose-tissue levels of OCD and TNC. The
metabolite of the insecticide chlordane, increases the covariate-adjusted odds ratio (OR) was 0.7 (95% CI
risk of female breast cancer. 0.4-1.3) for OCD and 1.1 (95% CI 0.6-1.9) for TNC,
Methods A total of 304 histologically-confirmed, inci- when the highest quartile was compared with the low-

dent primary breast-cancer patients and 186 histologi- est. The risk also did not vary based on oestrogen or
cally-confirmed incident benign breast-disease controls pro-gesterone receptor status or menopausal status.

were included in the study between 1994 and 1997. Discussion We found no significantly increased risk of
Breast adipose tissue not needed for diagnostic pur- breast cancer associated with breast adipose-tissue
poses was collected and analysed for TNC, OCD and levels of OCD or TNC; this is consistent with recent
other organochlorine compounds. A standardised, epidemiological studies, indicating that environmental
structured questionnaire was used to obtain infor- exposure to organochlorine compounds does not have
mation on major known, or suspected, risk factors for an overall significant impact on breast-cancer risk.

breast cancer. Keywords breast cancer, chlordane, epidemiology, oxy-

chlordane, trans-nonachlor.

Iztroduction So far, studies relating organochlorine compounds
Organochlorine compounds, including organochlorine  and breast-cancer risk have mainly focused on poly-
pesticides, have recently been suggested to be associ-  chlorinated biphenyls (PCBs) and dichlorodiphenyl
ated with female breast-cancer risk'. It is biologically trichloroethane (DDT) as risk factors for female breast
 Plausible that exposure to these environmental contami-  cancer'™~!6, Two small studies!”!® have examined the
nants may increase breast-cancer risk, because some of  association between oxychlordane (OCD) and trans-
the organochlorine compounds are animal carcinogens,  nonachlor (TNC) and breast-cancer risk. OCD is a
oestrogenically-active and inducers of cytochrome P450  major oxidative metabolite of the insecticide chlordane.
mixed-function oxidase enzymes, which are intimately TNC is a component of technical chlordane and techni-
involved in steroid hormone metabolism#1°. cal heptachlor. Chiordane and heptachlor were used
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primarily for the protection of buildings, lawns and gar-
dens from soil insects and termites. Heptachlor was also
used to control mosquitoes'>-?°. Chlordane was first pro-
duced commercially in the USA in 1947, as an insecti-
cide. Heptachlor was isolated from technical chlordane.
Since 1988, the use of chlordane in the USA has been
suspended. Use of heptachlor has also been subject to
restrictions. Nevertheless, significant exposure to chlor-
dane, heptachlor and their metabolites has occurred, due
to their extensive past and present use, and their highly
persistent nature in the environment. Residues of these
compounds have been detected throughout the food
chain and in most human tissues examined'”~%.

Dewailly et al.'? found an insignificantly higher (p =
0.07) mean breast adipose-tissue level of TNC in nine
oestrogen-receptor positive (ER*) breast-cancer cases
(50.3 p.p.b.) than in 17 benign breast-disease (BBD)
controls (42.5 p.p.b.). OCD was also found to be
insignificantly higher in the ER* breast-cancer cases
(38.9 p.p.b.) than in BBD controls (31.1 p.p.b.). Falck er
al.'® reported insignificantly higher breast adipose-tis-
sue levels of OCD and heptachlorepoxide in 20 breast-
cancer cases (136 p.p.b.) than in 20 BBD controls (121
p.p.b.). However, TNC was found to be insignificantly
lower among the cases (103 p.p.b.) than in the controls
(118 p.p.b.).

Considering their oestrogenic activities and the wide-
spread exposure to chlordane and heptachlor and their
metabolites, and realising their potential to be risk fac-
tors for breast cancer, we examined the relationship
between breast adipose-tissue levels of OCD, TNC and
breast-cancer risk, in a case-control study conducted in
Connecticut between January 1, 1994 and December 31,
1997. Information on major potential confounders was
also collected, through face-to-face interviews by
trained interviewers.

Materials and methods

As described elsewhere?’-2%, the cases and controls were
women aged 40-79 who had breast-related surgery at
Yale-New Haven Hospital (YNHH), New Haven, Con-
necticut, USA. Cases were histologically-confirmed,
incident primary breast-cancer patients (ICD-O,
174.0-174.9). Controls were patients with histologically-
confirmed incident BBD (excluding atypical hyper-
plasia, including a diagnosis of normal breast tissue).
Cases and controls had no previous diagnosis of cancer,
with the exception of non-melanoma skin cancer. A
total of 490 women (304 cases and 186 controls) were
enrolled in the study.

We identified potential cases and controls from the
computer files maintained by the Surgical Pathology
Department at YNHH, which contain information on all
breast-related surgeries at YNHH. We selected all

patients who met the study eligibility requirements, as
described above, and whose breast pathology specimen
had a sufficient amount (0.4 g) of residual breast adi-
pose tissue for chemical analyses. We then sought
physicians’ approval to proceed with patient contact and
sent letters to physician-approved patients, asking for
their participation in the study. Eligible patients who
agreed to participate were then interviewed by a trained
study interviewer, in a location convenient for the
patient. Information on reproductive, lactation and past
medical histories, occupation and demographic factors
was also obtained through in-person interview by
trained study interviewers, using a standardised, struc-
tured questionnaire. The dietary information was
collected through a scannable semi-quantitative food-
frequency questionnaire developed by the Fred Hutchin-
son Cancer Research Center. Each subject was asked to
characterise her usual diet in the year before she had the
biopsy or interview. The participation rates for those eli-
gible patients were 79% for the cases and 74% for
the controls.

Carcinomas were histologically confirmed by the
study pathologist (DC) and staged according to the
TNM system (primary tumour—regional nodes—metastases
system). BBD was classified and grouped according to
the 1985 Pathologists’ Consensus Statement, as prolifer-
ative or nonproliferative disease. Patients for whom no
abnormality was found were classified in the nonprolif-
erative group. Earlier studies suggest that environmental
oestrogens may only affect the incidence of hormone-
responsive breast cancer'’**. We therefore also col-
lected information on oestrogen receptor (ER) and
progesterone receptor (PR) levels, which were measured
immunohistochemically at the Pathology Department of
YNHH?!. Both ER and PR status were considered to be
positive with an H-score > 75, as described by McCarty
etal'.

Breast adipose tissue not needed for diagnostic pur-
poses was collected and placed into a glass vial on ice,
coded and stored at —84 °C until it was mailed in batches
to the study laboratory at Colorado State University,
where it remained frozen until analysis. Tissue samples
were analysed in batches of 10, with each batch having
approximately six cases and four controls. Laboratory
personnel were blind to the case-control status of all
samples being analysed. The laboratory method for
analysing OCD and TNC in breast adipose tissue has
been described elsewhere’. Briefly, the method
involved extraction in hexane, separation of the
organochlorine pesticides from the PCBs and purifica-
tion of the sample using Florisil chromatography. Identi-
fication and quantification of the compounds was
achieved using gas chromatography. The quantitation
limit of this method is 10 p.p.b. for both OCD and TNC.
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All analyses were conducted under an established
 quality control/quality assessment program, including
method spikes, reagent blanks and quality control win-
' d(:)ws. Quality control mean recovery was 83%, with a

samulative variance (CV) of 15% for OCD and 91%

with a CV of 11.5% for TNC. Adipose-tissue levels of
_OCD and TNC were reported as parts per billion

(p-p.b.), which is equivalent to pg mg ™! lipid. Total lipid
in the sample extract was quantified gravimetrically.

_ Breast adipose-tissue levels of OCD and TNC were
compared between all cases and all controls; among pre-
and post-menopausal women; based on lactation history,

ases’ ER/PR status, type of breast cancer (ductal versus
Jobular carcinoma), BBD (proliferative versus nonpro-
liferative disease) and stage of diagnosis (Stage 0O-II
versus [I/IV). The distribution of OCD and TNC was
skewed (as shown in Figure 1), we therefore present the

_median as a measure of location, and the first and third
quartile cut-points (25%, 75%) as summaries of the
degree of variability. The log transformation was used to
better approximate the normality assumption; thus the
antilog of the resulting age and lipid-adjusted means,
i.e. the adjusted geometric mean, was used as a summa-
1y statistic. The statistical significance for difference
among multiple means of adipose-tissue levels of OCD
id TNC was calculated using a general linear

model.Quartiles of adipose-tissue levels of OCD and
TNC were formed based on the frequency distribution
of controls. A linear logistic regression model was used
to adjust for confounders when estimating the expo-
sure/disease association. The variables included in the
final model were age (< 48, 48-55, 55-65, > 65 years),
body mass index [(BMI) < 22, 22-24.9, 25-299 > 30
kg m™2], lifetime months of lactation (0, 1-6, > 6), age
at menarche (<13, 13-15, > 16 years), age at first full-
term pregnancy (nulliparous, < 25, > 25 years), and race
(Caucasian, African~American, and others). The afore-
mentioned confounders (other than race) were also con-
trolled for as continuous variables, rather than as
categorical variables. The conclusion, however, was
essentially the same. Odds ratios (OR) and 95% confi-
dence intervals (C1) were calculated using SAS statisti-
cal software?3.

Results

As shown in Table 1, cases (mean age 56.3 years) were
older than the controls (52.6 years). Since age was also
associated with body burden of organochlorine com-
pounds, it was a potential confounder and was therefore
controlled in all subsequent analyses. Cases tended to
have higher dietary fat intakes, shorter duration of lifetime
lactation and be of an older age at first full pregnancy.
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Fig. 1 The distribution of the lipid-adjusted breast adipose-tissue levels of oxychlordane and trans-nonachlor (p.p.b.} by case

i control status.
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As shown in Table 2, the age and lipid-adjusted geo-
metric mean adipose-tissue levels of OCD were similar
between the cases (36.4 p.p.b., 95% C1 34.7-38.2 p.p.b)
and controls (38.0 p.p.b., 95% CI 35.7-40.6 p.p.b.).
Adipose-tissue levels of TNC between the cases (55.5
p.p.b., 95% CI 52.6-58.5 p.p.b.) and controls (58.1
p.p-b., 95% CI 54.2-62.3 p.p.b.) were also similar. The
adipose-tissue levels of both OCD and TNC did not dif-
fer between the cases and controls among either pre- or
post-menopausal women (data not shown).

Cases and controls did not differ significantly in the
age and lipid-adjusted geometric mean adipose-tissue
levels of OCD or TNC by ER or PR status (Tables 3 and
4). The medians, and the first and the third quartile cut-
points (25%, 75%) for adipose-tissue levels of OCD and
TNC were also similar between the cases and controls
by ER and PR status.

We further examined the geometric mean difference
by ER status for those < age 50 and for those 2 50, since
ER status is generally correlated with age at diagnosis.

Table 1 Means or proportions for characteristics of cases and controls

“¥? test for proportions and Wilcoxon two-sample test for means.
bAmong parous women only.

Table 2 Lipid-adjusted adipose-tissue levels of oxychlordane and trans-nonachlor (p.p.b.) among breast-cancer cases and BBD

Casés (n = 304)  Controls (n = 186) P

We found that the difference in the age and lipid-
adjusted geometric means of either OCD or TNC
between the controls and ER* or ER™ cases was not stat-
istically significant for either age group.

Further analyses, by cancer histology (ductal and
lobular carcinoma), type of BBD (proliferative and
nonproliferative BBD/normal tissue) and stage at
diagnosis (Stage 0-1I versus III/IV), showed no sig-
nificant difference in mean adipose-tissue levels of
both OCD and TNC (data not shown). Results from
multivariate analyses showed that there was no asso-
ciation between breast-cancer risk and breast adipose-
tissue levels of OCD and TNC (Table 5). The
covariate-adjusted OR was 0.7 (95% C1 0.4-1.3) for
OCD and 1.1 (95% CI 0.6-1.9) for TNC when the
highest quartile was compared with the lowest. Fur-
ther stratification by lactation history also showed no
increased risk of breast cancer associated with breast
adipose-tissue levels of OCD and TNC (data not
shown).

563 , 526 2001
26.2 27.1 0.41
12,6 12.5 0.52
12.2 15.1 03

251 24.9 0.26
‘53 65 0.05
63.6 62.2 0.53
87.5 84.4 0.33

controls
Nember of Median Ageadjusted  95%CI P
subjects (25%, 75%)" geometric mean |
Oxychlordaue e
“ases - 304 363(26.1,5L7) - 364 34.7-38.2 0.38
186 33.5(26.0, 47.4) 38.0 35.7-40.6
304 54.9(39.0.79.8) 55.5 506-58.5 (.33
186 52.9 (36.4, 71.0) 58.1 54.2-62.3

*The cut-points at the first quartile (25%) and the third quartile (75%) for the lipid adjusted breast adipose-tissue levels of oxychlordane or trans-
nonachlor.
bP values for test of geometric means between cases and controls adjusting for age using general linear model.
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Discussion

The results from this study do not support an overall
association between breast adipose-tissue levels of OCD
and TNC and the risk of female breast cancer. The asso-
ciation also did not differ by menopausal status, or his-
tologic type, disease stage at diagnosis, or by history of
lactation. The age and lipid-adjusted mean adipose-
tissue levels of OCD and TNC were also not significantly
different between the cases and controls by ER and PR
status.

These results are consistent with recent studies
suggesting that environmental exposure to various
environmental oestrogens does not seem to have an
overall significant impact on the risk of female breast
cancer. In recent reports DDE, an environmental pollu-
tant with greater oestrogenic activity than OCD or TNC,
was not found to be associated with breast-cancer
risk!3-16, In fact, an inverse association between breast
adipose-tissue levels of DDE and breast-cancer risk was
reported'*, while several earlier smaller studies indicated
an increased risk associated with environmental
exposure to DDT and its most stable metabolite,
DDE!!-17.18_ Studies of other organochlorine pesticides,
including HCB, HCH and Mirex, have also produced
inconclusive results!6-18:34.35,

One possible explanation for the lack of association
between environmental oestrogens and breast-cancer
risk, in this and other recent studies, is that most
organochlorine pesticides and other environmental
oestrogens are very weak oestrogens, usually hundreds
to thousands of times less active than oestradiol*®. There
is therefore little chance that environmental oestrogens
could exert an important oestrogenic effect’’. Another
potential explanation for the overall lack of association
is that, other than the ubiquitous synthetic oestrogens in
the human environment, there is also a sea of natural
and synthetic antioestrogens, which may negate any
effects from environmental oestrogens, hence the net
effect may be zero.?” It should be pointed out that these
arguments are not universally accepted. For example,
some argue that environmental oestrogens may be able
to enter cells more freely than endogenous oestrogen®.
This would greatly increase their availability and the
biological activity of environmental oestrogens, relative
to similar blood concentration of endogenous oestrogen
— most of which is inhibited from entering cells by
binding to oestrogen-binding plasma protein®®. Results
from other studies also suggest that exposure and the
extent of exposure to various environmental oestrogens
and anti-oestrogens varies by populations and by the
actual exposures® 4!, These effects may therefore not
cancel out. The potentially unbalanced exposure to these
oestrogens and anti-oestrogens may still increase or
decrease the risk of breast cancer.

Experimental studies have provided sufficient evi-
dence to suggest the carcinogenicity of heptachlor and
chlordane, the parent compound of oxychlordane. The
increase in cancer cases, however, is mainly in the inci-
dence of hepatocellular neoplasms and thyroid follicu-
lar-cell neoplasms®2. Lung cancer mortality was slightly
elevated in two cohort studies of pesticide applicators
and one of chlordane/heptachlor manufacturers. Small
excess risks were also observed for other cancers, such
as leukemia, non-Hodgkin’s lymphoma and soft-tissue
sarcoma, and cancers of the brain, skin, bladder and
stomach, as reviewed by others*2, No studies have, how-
ever, reported an increased risk of breast cancer assoCi-
ated with either occupational or environmental exposure
to chlordane or heptachlor.

A pilot study by Dewailly er al.'” reported nonsignif-
icantly higher breast adipose-tissue levels of OCD (38.9
p.p.b.) and TNC (50.3 p.p.b.) for nine ER* breast cancer
patients, compared with 17 controls (31.3 p.p.b. for
OCD and 42.5 p.p.b. for TNC). The authors suggested
that exposure to oestrogenic organochlorines may only
affect the incidence of hormone-responsive breast can-
cer. In this study, however, we found that the age and
lipid-adjusted geometric mean adipose-tissue levels of
OCD or TNC were quite comparable between the cases
and controls by ER or PR status. Therefore, our results
do not support the hypothesis raised by Dewailly’s study.

In interpreting the results from our study, several
potential limitations need to be considered. One poten-
tial limitation of the study is its use of BBD patients as
controls. If there were an association between OCD and
TNC and BBD, it could lead to an under-estimation of
the association between these organochlorine com-
pounds and breast-cancer risk. However, use of BBD
patients as controls in this study does not seem to be the
explanation for the observed lack of association, since
the mean adipose-tissue levels of OCD and TNC were
similar for women diagnosed with proliferative and
nonproliferative BBD or normal tissue (data not shown).
The mean adipose-tissue levels of OCD and TNC for
both types of controls were also not significantly differ-
ent from the cases.

Another potential limitation of the study is that breast
adipose-tissue levels of OCD and TNC may be affected
by case status. In particular, the tissue levels of 0oCD
and TNC for late-stage patients may be affected by
mobilisation of energy from fat stores. However, in out
study, only 20 breast cancer patients were diagnosed
with Stage III/IV disease and exclusion of these patients
from the analyses had no significant impact on the
observed association.

Table 1 shows that there was a difference between the
mean age of the cases (56.3 years) and controls (52.6
years). This age difference, however, cannot be used tQ
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explain the observed negative association. Age was
found to be positively associated with body burden of
OCD (r = 0.45) and TNC (r = 0.46), and therefore
controlled for throughout the data analyses. {f residual
confounding from an age difference between the cases
and controls has any impact on the observed effect, it
should cause a false positive association, rather than a
negative one.

Another concern is the potential statistical power of
the study. While we included a sample size of 490 to
examine the relationship between OCD and TNC in
breast adipose-tissue and breast-cancer risk, the study
power may be still limited, especially with further strati-
fication of the subjects by histologic type, ER and PR
status, menopausal status and lactation history.

In summary, we found no overall significantly-
increased risk of breast cancer associated with breast
adipose-tissue levels of OCD or TNC, which is consis-
tent with the most recent epidemiological studies indi-
cating that environmental exposure to organochlorine
compounds does not have an overall significant
impact on breast-cancer risk. Our study also does not
support the hypothesis that exposure to oestrogenic
organochlorines affects the incidence of hormone-
responsive breast cancer.
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